The present work considers the Struma River water flow on Bulgarian territory as a starting point for evaluation of maximum and minimum water flow using an original integral method. The risk assessment is determined by specific indices like the index M max,i for the deviation of the maximum water flow from the calculated norm of the maximum flow Q max,0 and the index M min,i for the deviation of the minimum water flow from calculated norm of the minimum flow Q min,0 . The new integral approach introducing specific indicators for risk assessment like the indices M min,i and M max,i has been checked at three sampling locations of the National monitoring net along the Struma River: Pernik (in the beginning), Krupnik (in the middle) and Marino pole (at the border in Greece) for the period 1948-2006. A significant trend towards decreasing of M max,i index is outlined for the three points. On contrary, a significant trend towards increasing of M min,i index is found at Krupnik and Marno pole sampling points.
Introduction
The transboundary Struma River flows in the western part of Bulgaria and has a catchment area of 107.97 km 2 and length of 290 km. The catchment follows a mountain pattern and is characterized by a relatively low forestation level. The river water sources are in the high mountain part of the Vitosha and Rila Mountains. The Struma River flows through Bulgaria and Greece to the Aegean.
The Struma River catchment area is a part of a region that experiences the influence of European continental climate. The southernmost part of the river valley serves as a corridor for the Mediterranean climate impact. After Krupnik, the Struma River flow formation depends on the Mediterranean climate impact (Krupnik point -Marino pole point).
The EU Water Framework Directive (EU Directive) [1] prescribes good water quality as a goal for all water bodies within a given catchment. To achieve this status, each EU country should develop an optimal management strategy [2] [3] [4] .
The water quantity of the Struma River is controlled at 6 hydrometric stations -Pernik, Razhdavitsa, Dupnitsa, Boboshevo, Krupnik, Marino pole, four of them being situated along the Strouma River (Figure 1 ).
The relief of the investigated area is diverse: the difference between the highest point (2180 m) and the lowest point at the Greek border (270 m) is significant. Preliminary studies have shown that the natural state of the river flow formation depends on the altitude [3] .
The natural conditions of the Struma River flow formation are due to the climate impact, while the effect of the economic activity is insignificant. The Struma River is used for industrial water supply and for irrigation.
In the recent years many researchers focused their attention on climate changes due to anthropogenic activity [5] [6] [7] .
Many authors believe that a period of warming will characterize the coming decades. Others are more reserved on the issue [8] [9] [10] . What can be pointed out is that the natural climate dependencies are disturbed by the anthropogenic impacts [2, 11] .
Therefore, we believe that difficult for evaluation risk events due to climate changes at regional and global level could be assessed or even predicted if appropriate indicators are introduced. In previous papers the authors investigate the dynamics of the module coefficients K i as a background for integral assessment of the climatic impact on the river flow formation [12] . Usually, these module coefficients are applied for calculation of the coefficient of variation of the flow for a certain period. new integral indices (coefficients) M max,i and M min,i offered in the present study are an important development of the concept for the integral risk assessment. The authors are using the value of the norm for minimal and maximal water flow to formulate these new indicators for risk assessment of extreme events.
The topic of risk assessment of flood events is a priority for all EU countries. A special Framework Directive 2007/60/EO of the European Parliament and Council for management of the flood risk has been recently accepted. The present work considers a particular problem related to the management of the waters in a transboundary river basin. In principle, the results obtained could be used on a more large global scale.
The main objectives of this research are to study:
1) The tendency of the multi-annual dynamics of the absolute maximum values of the river flow with respect to the risk assessment of flood events during the period 1948-2006.
2) The tendencies of the multi-annual dynamics of the absolute minimum values of the river flow with respect of drought events.
Materials and Methods
The retrospective analysis of the river water flow dynamics is performed on the basis of information collected at the Pernik, Krupnik and Marino pole hydrometric stations. For this purpose the Origin 6.0 software (Origin 6.0 2002) [13] and software Programme Strouma [14] has been applied for data analysis. Different functions were considered in the trend analysis for certain periods -linear, exponential, second and third degree polynomials. The type of the function describing the trend was determined on the basis of statistical criteria as correlation coefficients and Fishers tests [15] [16] [17] [18] [19] . The function representing the trend can be used for short-term (up to 1 year) prediction of the river flow dynamics, when it describes a significant trend.
Statistical methods are used in hydrology for the assessment of climatic and anthropogenic impact on the river flow formation in a specific cross section of the river basin [9, 18, 20] . Usually, a statistical comparison of the natural and disturbed state of the river flow is performed in order to assess the climatic impact on the flow.
In the present work, an integral approach to evaluating the level of climate impact on the river flow formation is applied following earlier studies of Diadovski et al. [12, 21] . With respect to the risk assessment of flood or drought events specific integral indicators are introduced, which are based on the ratios between the highest water discharge for the year Q max,i to the multi-annual-average value of the maximum water discharge Q max,0 and on the ratio between the minimum water discharge Q min,i to the multi-annual-average value of the minimum water discharge Q min,0 .
These relations represent indices, on the basis of which, the effect of the climatic and anthropogenic factors on flow formation has been determined. The norm for a certain parameter of the flow (average annual, maximal and minimal water flow) is the average value for a long-term period. The longer the period of observation, the less the error in calculation of the flow norm. The proposed approach is applied to the Struma River catchment on Bulgarian territory.
The proposed indices are:
The fluctuations of the M max,i and M min,i indices for a certain period give the possibility of making integral assessment of the climatic and anthropogenic impact on the river flow formation on a river basin scale and risk assessment along the Struma river flow using extreme events of the past and integral indices.
For maximal water flow values higher than the norm (M max,i > 1) one could account for extreme events (floods) which happened in the past. The higher the integral indices M max,i than 1, the higher the flood risk. It means that the higher the level of deviation of the maximal water flow values from the norm (Q max,0 ), the higher gets the risk of flooding (M max,i > 2).
For minimal water flow values lower than the norm (M min,i < 1) for a certain period one could account for extreme events (draughts) which happened in the past. The lower the integral indices M min,i than 1, the higher the draught risk. It means that higher the level of deviation of the minimal water flow values from the norm, the higher gets the risk of draught (M min,i < 0.5).
This hypothesis was checked using data from the sampling station Pernik, Krupnik and Marino pole.
Based on the results, one can specify different levels of correlation between time and index values. Due to the basic statistics of the input data, the Spearman correlation coefficient was used throughout the study. Although no exact numbers are given, according to different environmetric studies [3, 21, 22 ] the correlation could be interpreted in the following empirical manner:
For 0.2 < r < 0.3 -slight tendency; For 0.3 < r < 0.5 -moderate tendency; For 0.5 < r -significant tendency. These values have significance and interpretation only if the number of observations is above 30. In this study it is accepted that the length of the period of observation for calculation of the integral indices is equal to the period used for calculation of the river flow norm. In calculating the coefficient of variation of the hydrological parameters C v a period of observation n > 30 years as a necessary condition for calculation according to the empirical formula:
For small changes in the values of the different hydrological parameters and of the integral indices a shorter period of observation is needed, and vice versa. In order to check the significance of the correlation coefficient, the calculated value is compared with the theoretical one, which represents in fact the r significance test [16, 17, 22] .
Results and Discussion
According to Amoros [5] and Sing [18] , the fluctuations of climate and physical geographic characteristics provoke trends, including leap-like (catastrophic) events.
In Table 1) .
The variation coefficient CV of the annual average water flow has values of 0.38, 0.41 and 0.33 for the sites Pernik, Krupnik and Marno pole, respectively.
The trend in the dynamics of the M max,i index is described best by a linear function with a correlation coefficient R = -0.52 for Pernik (Figure 2) , R = -0.58 for Krupnik (Figure 3 ) and R = -0.55 for Marino pole (Figure 4) . Two periods are defined for the three sampling points with respect to Q max,0 index, namely a period with maximum water flow higher than the average multiannual value and M max,i > 1 with flood effect danger ) and another period characterized by maximum water flow lower than the average multi-annual value (M max,i < 1 for 1976-2006). A significant trend towards decreasing of the M max,i index is outlined, which corresponds to the trend towards diminution of the maximum water flow Q max,i for three points.
The values of M max,i in the Pernik point vary within the range 0.3-6.2, which indicates that both higher and lower maximum water flow than the norm (average multiannual value of the maximum water flow) is observed.
Years with hazardous flooding are outlined (M max,i > 2), for example1950-1953, 1962, 1965, 1975, 2005 . It has to be noted that the years with values of the maximum water flow Q max,i , which are lower or insignificantly higher than the norm of the maximum water flow for the considered period, are predominant.
The values of M max,i in Krupnik vary within the range 0.25-2.3, which indicates that in certain years the maximum water flow Q max,i significantly exceeds the norm of the maximum water flow Q max,0 , forming in this way hazardous floods. Years with hazardous flooding are outlined as [1955] [1956] [1957] [1958] 1975 .
The values of M max,i in the Marino pole point vary within the range 0.25-2.4, which indicates that in certain years the maximum water flow Q max,i significantly exceeds the norm of the maximum water flow Q max,0 , forming in this way hazardous floods. Years with hazardous flooding are outlined as [1954] [1955] [1956] 1975 .
The trend in the dynamics of the M min,i index for Pernik ( Figure 5 ) is described by a 3 rd order polynomial The conclusion can be made that a trend is established towards increasing the values of the ratio between the minimum water flow Q min, i and the average multi-annual value of the minimum water flow Q min, 0 for the considered period.
The values of M min,i in Pernik vary within the interval 0.2-2.5, which indicates that years with minimum water flow, significantly lower than the norm of the minimum water flow (Q min,0 ), are observed, thus forming hazardous drought periods (M min,i < 0.5). These years are 1950-1953, 1960, 1970, 2000-2005 .
The values of M min,i in Krupnik vary within the range 0.2-3, which indicates that years with minimum water flow, significantly lower than the norm of the minimum water flow (Q min,0 ), are outlined, thus forming hazardous drought periods. Such years are 1948, 1951-1953, 1959 1961, 1969, 1972, 1988, 1989, 1993, 1994, 1999 and 2001 . During the considered period the years with minimum water flow higher than the norm of the minimum water flow (Q min,0 ) are predominant.
The values of M min,i in Marino pole vary within the interval 0.2-2.3, which indicates that years with minimum water flow, significantly lower than the norm of the minimum water flow (Q min,0 ), are observed, thus forming hazardous drought periods. These years are 1948-1953, 1963, 1978, 1985-1990, 1992, 1993, 2000 and 2001 .
The years with extreme events like floods and draughts already happened in the samplings sites-Pernik, Krupnik and Marino pole presented in Table 2 . 1950 -1953 , 1962 , 1965 , 1975 , 2005 1950 -1953 , 1960 , 1970 , 2000 -2005 Krupnik 1955 -1958 , 1975 1948 , 1951 -1953 , 1959 1961 , 1969 , 1972 , 1988 , 1989 , 1993 , 1994 , 1999 , 2001 Marino pole [1954] [1955] [1956] 1975 Two periods are outlined at the river points for the changes in the minimum water flow.
The 1948-1974 period is characterized by minimum water flow, which is lower than the average multi-annual value Q min,0 (M min,i < 0.5-low water and drought effect; M min,i < 1-low water, possible negative effect). For the three points a three-year cycle is outlined (1961) (1962) (1963) (1964) , when the minimum water flow is higher than the average multi-annual value Q min,0 .
The 1975-2006 period is characterized by minimum water flow, which is higher than the average multi-annual value Q min,0 (M min,i > 1). For the three points a four-year cycle is outlined (1998) (1999) (2000) (2001) , when the minimum water flow is lower than the average multi-annual value Q min,0 .
Studying the dynamics of the indices M max,i and M min,i it could be found that for one same sampling site and one and the same time period extreme events of two types are observed-floods and draughts. This event could be explained by the climatic changes and the physicalgeographical conditions along the Strouma River catchment.
The anthropogenic effects in Struma River catchment like decrease of the forest area, building of hydrotechnical units etc. are negligible. The dynamics of the absolute maximal and minimal water flows is formed under the influence of climatic factors (Mediterranean climatic impact) and of the geographical and hydrological characteristics of the catchment (area, population, average height above the sea level, slope) and the dynamics of the indices M max,i and M min,i determine the extreme events in the period of consideration. It could help in assessment of future extreme events. The tendencies towards decrease of the absolute maximal water flow and increase of the absolute minimal water flow (Krupnik and Marino pole) could be taken as reason not to expect extreme events in near future. For site Pernik it could be expected seasons of draughts due to the decreasing tendency of M min,i in the last 20 years.
Using the dynamics of the integral indices M max,i and M min,i and information on extreme events from the past a preliminary risk assessment of future extreme events such as floods and droughts could be made.
Flood effects during high water are observed during the years with M max,i > 2, while for the years with M max,i > 1 high water with possible negative effect may be observed.
Low water with possible negative effect is observed during the years with M min,i < 1, while for the years with M min,i < 0.5 low water with drought effect may be observed.
The following conclusions may be drawn on the basis of the performed assessment of the integral indices dynamics.
A stable trend is observed towards decreasing of the maximum water flow (M max,i ) during the considered period for three points (Pernik, Krupnik and Marino pole).
A stable trend is observed towards increasing the minimum water flow during the considered period for the Krupnik and Marino pole points. A trend showing variable tendency towards increasing and decreasing of the minimum water flow during the considered period is established for the Pernik point.
The presented results confirm the importance of using the integral assessment of the climatic and anthropogenic impact within a catchment as a reliable tool for water management.
Conclusions
From the experimental results obtained, the following conclusion can be drown:
The character of the changes in the maximum water flow at the three river points with respect to the average multi-annual value of the maximum water flow Q max,0 is the same. The character of the changes in the minimal water flow at the same sampling points with respect to the average multi-annual value of the minimum water flow Q min,0 is one and the same, too.
The proposed integral indices provide the possibility of evaluating the climate impact on the Struma River flow formation, but they may also be applied for other rivers on regional, national and transboundary level. Using integral indicators, high water years, dry years, maximum water flow and flood effect, minimum water flow and drought effect, are identified, which is a preliminary estimation of the risk assessment of flood events and drought events.
With the proposed integral parameters it is possible to investigate the influence of climate on the formation of the average annual maximum/minimum water flow and to establish and predict possible short-term negative effects.
